CHAPTER 4
ELECTRICAL UNITS

Chapter 3 explained how the base units of mass, length and time were used to build up coheren;
expressions for solving mechanical problems. In this Chapter, the base S| unit, the ampere, will be used
to give the student an understanding of a simple electrical circuit. From this, equations will be evolved
to the stage reached in the previous chapter {power} and in Jater chapters it will be shown that there is z
common relationship between all types of power.

4.1 THE AMPERE -

k3

In Chapter 1 it was stated that electric current would be regarded as a movement of electrons.
There are two types of electric current -

(i)  Direct current, in future referred to as d.c. This is the type of current drawn from a car
battery.

{ii}  Alternating current, which will be abbreviated to a.c. This is the type of current normally-
used in a house or factory.

The principles of direct current are not as involved as those of alternating current, so this type

of current will be studied first, :
3

The electrostatic charge on an electron is so small that it requires 6.24 x 1018 electrons to make‘
one coulomb {C], the name of the Sl unit of charge. The number of electrons passing through an
imaginary plane, which cuts an electron flow at right angies is called the total charge (Q). Current {]} s
the rate of flow of charge in coulombs per second. The unit for eurrent is the ampere (A) and the
equation for determining the current is given by dividing the total charge, in coulombs, by the time, in
seconds, that this charge exists.

Current = total charqe
—————
time

I = itl-amperes

Example 4.1

Determine the current in a conductor if 240 coulombs of electric charge pass a given paoint ;n
that conductor in one minute.

i =
Q = 20c e
t = (1 x 601 = 60 s = 24

. ——O~amperes
I = ?A 60

= 4 A

Electrons move at randem in conducting materials, A given piece of marterial will al‘wavs contam
the same number of electrens. Electrons moving along or ou. ¢of a matenal in the one direction must be
replaced to keep ihe total numper of electrons in that material constant, A source of electrons must he
avallzoie before unidirectionat eiectron movement fcurrent) can occur, This source has to be joinea to thf
mater'zl so that anv electrons ieaving the materiai are :mmediztziv replacea by electrons from the source.
The rrost frequent!y used source of electrans is caliea an electremotive ferce. this word being aboreviates
o et and the source being designatea by the czoial letter ‘E". The unit of e.m.f. is the voit V1, Th
symboi for a simpie e.m.f. source is shown in Figure 4.1,
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Figure 4.1
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The negative side of the source is said to have a reference value of zero valts, ever.
the section that supplies the electrons. The positive side has a reference value above zero volts .

gives it a plus value of voits.

The source is connected to the conductor as shown in Figure 4.2,
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Figure 4.2
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4.2 ELECTRON AND CURRENT FLOW

overed it was assumed that electrons moved from a point of high

When electricity was first disc
voltage to a point of lower voltage. As electrons were considered to be electric current it was said that

current flowed from the positive connection of the source to the negative connection of the source out-
side the source itself. However, at a much later date this was found to be incorrect. The problems
involved in reversing the generally accepted principle of electron flow proved so difficult that it was
decided 1o state that conventional current flowed from positive to negative outside a source, while

electron flow was negative to positive outside the spurce.
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Conventional current flow {fig. 4.3) Electron flow fig. 4.4)
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4.3 OPPOSITION TO CURRENT FLOW

Electzons under the influence of an e.m.f. shift from atom (0 stom as they move through a
material. The sase with which they move depends on many factors. the existance of these factors
depending on whether & circuit is suoplied from an a.c. or d.c. source. The totst opposition ta current
flaw 15 callea the imoeaance nf the arcuit {symbot 2} and the unit =i ‘mpedance 's the ohm {symool {1,
Tre impedance of a.c. cireuits will te discussed in iater chapters. The oniy opposition by a circuit to &
constant d.c. current is called the resistance {R) of the circuit. As 1T s oppositicn 1o current, resistance

has the same umts as impegance, namely, the ohm.

= rréadir wa kit dh

4.4 OHM'S LAW

Ohm's Law impiies that, provided ail resistance factors remain constant <he current in &

conauctor 1s directly propartional 1o the e.m.f. applied to the conaucier and inversely proportional to

the resistance of that conouctor, viathematically 1t states that -

This means that .f the resistance remains constant and the sppned e.m.f. s increased, the current

7 othe conauetor 'neregses. Conversasy 1f the e m.f. 3Cross (ne concusior remains constant and the esist-

znce of the ¢znauctor -5 creasec, ne current 0 the conaudtor {IBCrOESES,
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The equation for Ohm's Law may be transposed to find the resistance or applied em.f. of a

circuit .
E
| = == amperes
R R
E = LR.volts .

R = E ohms
|

.

A simple method of remembering the correct eguation when applying OGhm’s Law is by the use ¢
the Ohm’s Law triangle.

E
IR

Ohm's Law triangle

if the unknown quantity is covered the methad of calculating the unknown quantity is revealed

Figure 4.5 shows a simple circuit using the Ohm's Law symbols.

1 B_J

Figure 4.5 T *'
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Example 4.2 'E
An e.mn.f. of 200 volts d.c. is applied to a circuit which has a resistance of 20 ohms,
Determine the current in the resistor.
E = 200V | = _E
R
R = 200
b= 7 A - 200 amperes
20
Example 4.3 = 10 A,

A current of 20 amperes flows in a resistor of 5 ohms. Determine the vaiue cf e.m.i.
aoplied to the resistor,

I = 20A
E = IR
R = 5¢q
= {20 x 5} voits
E = LAY

= 100V
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/
Exampie 4.4 \
An e.m.f. of 240 volts d.c. applied to a resistor causes a current of 12 amp.
resistor. Determine the resistance of the resistor. - Y
E = 240V R = _E
{

] = 12 A . o0

= 201

-

-

45 ELECTRICAL POWER

Base units of mass, length, time and current may be used to show that electrical power is the
product of the applied e.m.f. of a circuit and the current in that circuit. Using base units —

E = kgmZsS A

| = At

P = EI
= kg mZ2 3 a1 At
= kg m2 5"3

This is the same coherent unit used for mechanical power, so the unit for electrical power must
be the watt (W). If the Ohm's Law equation for voitage, E = | R, is substituted in the power equation,
the power equation becomes =

P = (I R}I
= I2 R watts
Similarly, if I = —g—is substituted in the power equation, it becomes —
- L
Po= ElE)
= E2?
'ﬁ' watts

From this, it can be seen that provided twa of the parameters of the Ohm's Law equation are
known, power may be determined.

Example 4.5

A current of 20 amperes is produced when a e.m.f. of 200 voits d.c. is appiied to a circuit.
Calcutate the power absorbed by the circuit.

E = 200V P = Ei
| = A = (200 x 201 watts
o= = 4000 W
= YW
= 4 kW

Example 4.6

Determine the power absorbed by a 10 ohm resistor which carries s current of 20 amperes.

R = 100 P = 198
1 = 20 A = (20 x 20 x 10} watis
P W = 4000 W

= 4 kW

21

;
;
0
i
!
'
i
§

A SRR

- e

i = e e

g o ey
o

K
g
.5%
by

AT o st i, PG He

ot o R
= i




Example 4.7
Determine the power consumed by a 10 ohm resistor, if it is connected to a 200 volt d.c.
supply.

p o= E2
E = 200 Vv =
R = 109 =
. 200 1x0 200 watts
P = ?W
= 4000 W
= 4 kW

46 MEASUREMENTS OF ELECTRICAL UNITS

The only function of a meter is to record or show a particular measurement at a given time,
Meters consume power which is regarded as waste power so it is desirable that meters keep their power
consumption to a minimum. The connection of meters to a circuit should cause a small as possible
change to existing voltages and currents within that circuit.

Meters used to measure e.m.f., current and power are the voltmeter, ammeter and wattmeter
respectiveiy,

(a} The Voltmeter

The e.m.f. of a source is often referred to as the electrical pressure of the source. The source
e.m.f. exists whether the source is being used or not. The voltmeter is used to measure this electrical
pressure. The electrical pressure in a source may be likened to the pressure in @ water main, The water
in the main is always available even though it is not always being utilised. To measure the pressure at the

source, the voltmeter must be connected across the source terminals, {Figure 4.8).
—{ R }
| S |
Figure 4.6
|

The resistance of the voltmeter must be very high so that minimum current passes through the
meter. Excessive current through the meter would consume too much power from the source.

(b} The Ammeter

[f it was necessary 10 measure the amount of water movirg through 3 pipe, a gauge would have
10 be inserted in that pipe so that aill the water went through the cauge. Similarly, to measure the
electrons moving in a circuit, a meter must be inserted in such 3 posrtian that all the efectrons maving in
that part of the circuit pass through the meter., As electrons are current and current is measured in
amperes. 3 meter which fulfills the above requirements is called an ammeter and is connected in the

circuit as snown in Figure 4.7,

LI
A
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Figure 4.7 E
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The resistance of the ammeter must be as low as possible so that the movement of electrons
throughout the circuit is not hindered.

{c) The Wattmeter

Power is the product of electromoative force and current. For a meter to read this product
direct it must contain a means of measuring the e.m.f. and the current, or a combination of the volt-
meter and ammeter readings. The most common wattmeter in use is the electrodynometer type of
wattmeter. It has a current coil which measures the electron flow and is connected to the main part ,
of the circuit, and a coil similar to that of a voltmeter which is connected acrass the appiied e.m.f. ~

{Figure 4.8).

urrent connection
w
“~voltage connection
+ : g
Em i
] i
"13 1
. EHi
i 4
Figure 4.8 i

The wattmeter records directly the resultant reaction between the currents flowing in these two

coils,

{d} Voltmeter, ammeter and wattmetar in the sama circuit

if the three meters are to be used in the same cGircuit the ammeter and the current coil of the
wattmeter, must be connected into the circuit so that the electrons pass through both of them. The
valtmeter ang the coii in the wattmeter that measure the e.m.f. (referred to as the potential coil) are

connected across the e.m.f, source. {Figure 4.9).
)
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The ammeter zna the current coil of the wattmeter are said 10 be connected in series whiie the
voitmeter ang the potenual coil of the wattmeter gre said {0 be connected in parailet.

Equations in chapter

o1 o= &
(27 1 = £

R
3y E = | R
(44 ® = E

| .
55 P = E | :
(g} P = 129 1
72 = EF 23
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TUTORIAL 1.4

(i}

{ii)

(iif}
{iv)
(v}

{vi)

A resistance of 120 ohms is connected to a 240 volt d.c. supply. Calculate the current drawn from
the supply.

A purely resistive circuit draws 5 amperes from a 12 volt source. Calculate the resistance of the
circuit. ' ) -

Calculate the voltage that will cause 2.5 amperes of current to flow in a 10 ohm resistor.
Determine the power consumed when 3 amperes of current passes through a 5 ohm resistor.

A resistive circuit draws 15 amperes from a 240 volt source. Calculate the power consumed by
the resistor.

A 40 ohms resistor is connected to a 240 volt d.c. supply. Calcuiate the power consumed by the
resistor.
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